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In this paper we propose a very special relativity (VSR)-inspired description of the axion
electrodynamics. This proposal is based upon the construction of a proper study of the
SIM(2)–VSR gauge-symmetry. It is shown that the VSR nonlocal effects give a health
departure from the usual axion field theory. The axionic classical dynamics is analysed
in full detail, first by a discussion of its solution in the presence of an external magnetic
field. Next, we compute photon-axion transition in VSR scenario by means of Primakoff
interaction, showing the change of a linearly polarized light to a circular one. Afterwards,
duality symmetry is discussed in the VSR framework.
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I. INTRODUCTION
The axion is a hypothetical light and weakly interacting elementary particle postulated by
Peccei–Quinn in 1977 as a solution to the strong CP problem in quantum chromodynamics
(QCD) associated with a new U(1) symmetry [1–3]. Although it had been initially thought
that the invisible axion solves the strong CP problem without being amenable to verification by
experiments, we have witnessed 40 years of intensive research on axion physics, based on either
astrophysical observations or pure laboratory based experiments [4–6]. So far, unfortunately,
none was able to yield a positive signature for the axion or an axion-like particle.
Besides being originally proposed as a solution to the strong CP problem, axion-like particles
plays an important part in explaining unanswered questions of cosmology [7]. Moreover, due to
its weakness of their interactions with a sufficiently small mass, axions go as one of the prominent
candidates to account for the dark matter in the Universe [8, 9].
Notice, however, that non-trivial QCD vacuum effects (e.g., instantons) spoil the Peccei–
Quinn symmetry explicitly and provide a small mass for the axion. Hence, the axion is viewed
actually as a pseudo-Nambu-Goldstone boson [2, 3], with a non-vanishing, but parameterically
small mass. On the other hand, instead of considering the traditional Peccei-Quinn mechanism,
we will approach the axion dynamics from an alternative point of view, where Lorentz violating
3effects are responsible to engender massive effects. In this sense, we shall focus in exploring
features of VSR [10, 11] in this paper.
The cornerstone from the VSR proposal is that the laws of physics are not invariant under
the whole Poincare´ group but rather under subgroups of the Poincare´ group preserving the basic
elements of special relativity, but at the same time enhancing the Lorentz algebra by modifying
the dynamics of particles. In particular, within this proposal, it is useful in the realization of
VSR the use of representations of the full Lorentz group but supplemented by a Lorentz-violating
factor, such that the symmetry of the Lagrangian is then reduced to one of the VSR subgroups
of the Lorentz group. These effects can then be encoded in the form Lorentz-violating terms in
the Lagrangian that are necessarily nonlocal.
As an example, one can observe that a VSR-covariant Dirac equation has the form
(
iγµ∂˜µ −M
)
Ψ(x) = 0, (1)
where the wiggle operator is defined such as ∂˜µ = ∂µ +
1
2
m2
n.∂
nµ, with the chosen preferred null
direction nµ = (1, 0, 0, 1) so that it transforms multiplicatively under a VSR transformation. So,
by squaring the VSR-covariant Dirac equation we find
(
∂µ∂µ +M2
)
Ψ(x) = 0, M2 =M2 +m2. (2)
We thus immediately realize that conservation laws and the usual relativistic dispersion relation
are preserved; moreover, an interesting observable consequence of VSR that is to provide a novel
mechanism for introducing neutrino masses without the need for new particles [11]. Moreover,
the VSR parameter m sets the scale for the VSR effects.
Let us now explain how axion dynamics can be defined in order to encompass Lorentz vio-
lating effects. Due to its sensitive tests, photons are always good candidates as test particles
in order to probe a physical system [12]. In this sense, we can explore the fact that axions can
be converted to photons and vise–versa in the presence of magnetic fields [13–17] in order to
detect modifications in the axion dynamics, more precisely to probe prominent VSR effects in
the theory’s dynamics in a significant and novel manner.
As it concerns our interest, VSR-effects have been discussed in the context of electromagnetic
theories: Abelian and non-Abelian Maxwell theories [18, 19], Chern-Simons theory [20–23],
Born-Infeld electrodynamics [24] and higher-spin gauge fields [25–27]. So, in this paper, we shall
consider the conversion of photons into axions in the presence of a background magnetic field,
4in the sense of Primakoff effect, where the VSR will play a part in the photon and axion sectors
and will be responsible to engender massive nonlocal effects. It should be stressed that there
are ongoing efforts in order to establish axion effects due to an electromagnetic probing [28–31].
In this paper, we will examine the Axion electrodynamics in a VSR setting. We start Sec. II by
establishing the VSR-axion electromagnetic dynamics main aspects and reviewing the SIM(2)–
VSR gauge invariance, which allow us to determine the VSR-modified Abelian field-strength to
be used in our analysis. Moreover, we do first compute the solution for the axion field θ in the
presence of an external magnetic field in terms of a plane wave solution. In Sec. III, we compute
explicitly the VSR photon-axion transition rate in a Primakoff framework, showing the change
of a linearly polarized light to a circular one. Afterwards, in Sec. IV duality symmetry for the
VSR axion electrodynamics is established. In Sec.V we summarize the results, and present our
final remarks.
II. VSR AXION MASS
We define the Lagrangian for the axion electrodynamics without source term in VSR as given
by
Laxion = −1
4
F˜µν F˜
µν +
κ
4
θF˜µνG˜
µν +
1
2
∂˜µθ∂˜
µθ, (3)
where κ is the dimensionful parameter characterizing the strength of the axion-photon coupling,
θ(x) is a pseudo-scalar field known as the axion-like field, wiggle derivative is defined as before
by ∂˜µ = ∂µ +
1
2
m2
n·∂nµ, F˜
µν and G˜µν = 12ǫ
µνρσF˜ρσ are the field-strength the dual field-strength,
respectively. The axion electrodynamics in Lorentz invariant case admits a new internal (gauge)
symmetry of the axion-electromagnetic field Lagrangian due to duality transformation [36],
between the axion field and the gauge potential, which in turn leads to a conserved current. We
discuss this point from a VSR perspective in later section IV.
Notice the absence of a potential for the axion field. The θF˜µνG˜
µν term is responsible to
provide a solution the strong CP problem, known as Peccei-Quinn solution. It is also known
as the effective potential for the axion field, and it is related to the axion mass m2a =
〈
∂2Veff
∂θ2
〉
,
generated due to the spontaneous breaking of the U (1)PQ symmetry. As discussed before, we
replace this mechanism by VSR nonlocal point-of-view defined in (3), which encompass Lorentz
violating effects and are responsible to engender mass for the axion field in such a way that the
axion mass has nothing to do with axion-photon coupling κ.
5Besides, in order to write-down an expression for Fµν we make use of the usual definition
of the raw field-strength [Dµ,Dν ]φ = −iFµνφ. This is ensured by the construction of a gauge
invariant quantity, where the covariant derivative is given by [19]
Dµφ = ∂µφ− iAµφ+ i
2
m2nµ
(
1
(n · ∂)2 (n · A)
)
φ,
which satisfy the transformation law δ (Dµφ) = iΛ (Dµφ), where δAµ = ∂µΛ. On the other
hand, the raw field-strength Fµν does not coincide with the wiggle operator
F˜µν = ∂˜µAν − ∂˜νAµ
However, we can realize that the difference between the raw and wiggle field-strength must be
gauge invariant as well. So that the wiggle in terms of the usual derivative can be written as
[19]
F˜µν = ∂µAν +
m2
2
nµ
(
1
(n · ∂)2 ∂ν (n · A)
)
− µ↔ ν, (4)
which is gauge invariant and it will be used to describe massive gauge fields.
Lagrangian (3) will now be extensively explored in order to establish some features concerning
axion physics, basically it describes how axions can be converted into photons, and vice versa.
This basic process, known as Primakoff process, arising from the electromagnetic anomaly and
expressed in the effective interaction with coupling constant, underpins many constraints on
axions.
First, we will determine solutions for the axion field equation in the presence of an external
magnetic field, that can work as a source axion produced in laboratory due to the conversion
of photons into axions, which might be seen as an inverse Primakoff process [17]. In the next
section, Sec. III, we will discuss axion-photon interaction via direct Primakoff process, in which
we observe the variation of the polarization state of a light wave interacting with the axion field
in the presence of an external magnetic field [16].
The sourceless dynamical field equations can be obtained from (3), and for the electromag-
netic and axion fields they read
∂˜µF˜
µν − κG˜µν ∂˜µθ = 0, (5)(
+m2
)
θ =
κ
4
F˜µνG˜
µν , (6)
where the differential identity ˜ = +m2 and the Bianchi identity ∂˜µG˜
µν = 0 have been used.
Please notice the presence of massive excitations in (6) that are engendered by VSR effects. If we
6now make use of the definitions for the electric and magnetic fields Ei = F˜ i0 and Bi = 12ǫ
ijkF˜jk,
respectively, we have
∇˜ ·E− κB · ∇˜θ = 0, (7)
∇˜ ×B− ∂˜0E+ κB∂˜0θ − κ
(
E× ∇˜θ
)
= 0, (8)
(
+m2
)
θ = −κB ·E, (9)
In the VSR setting, ∂˜µG˜
µν = 0, the complementary electromagnetic field equations read
∇˜ ·B = 0, (10)
∇˜ ×E+ ∂˜0B = 0. (11)
In order to establish the framework of observing axions produced due to a electromagnetic
wave we consider a strong uniform background magnetic field B0, orthogonal to the wave prop-
agation. This can be achieved by means of
F˜µν = F extµν + F˜µν (12)
where F extµν represents the external magnetic field. In this context the field equations Eqs. (7)–(9)
are written as
(
+m2
)
E− κB0∂˜20θ = 0, (13)(
+m2
)
θ = −κB0 ·E, (14)
It is important to emphasize that here, the axion mass m is entirely due to VSR effects, and has
nothing to do with axion-photon coupling κ. Furthermore, in this setting, Eqs. (13) and (14),
both photon and axion fields have the same mass, displaying screened profiles.
A simple setup to determine the solution for the axion field is to take it propagating along
the xˆ direction, φ (x, t). Moreover, we can decompose the electric field E into components
perpendicular E⊥ and parallel E‖ to the external field B0, respectively. Within this framework,
we get the following coupled field equations
(
+m2
)
E⊥ = 0, (15)(
+m2
)
E‖ + κB0∂˜
2
0θ = 0 (16)(
+m2
)
θ = −κE‖B0. (17)
Notice that the perpendicular component E⊥ do not couple to the axion field.
7By simplicity, we can also consider that the background magnetic field B0 is limited to a
region 0 ≤ x ≤ L, while is vanishing outside this region. In this case, we easily see that we can
represent the axion field as free plane waves in the noninteracting regions [17].
Now in the interacting region we can make use of the plnce wave decomposition
E‖ = E0e
−i(ωt−kx), θ = θ0e
−i(ωt−kx), (18)
We then get
(−ω2 + k2 +m2)E0 − κω˜2B0θ0 = 0 (19)(−ω2 + k2 +m2) θ0 + κE0B0 = 0, (20)
where we have defined ω˜2 = ω2 − ωm2
n·k +
m4
4(n·k)2
. A solution to the axion field θ in this case read
θ0 (ω, k) = κ
E0B0
ω2 − ω2m
, (21)
where ωm = ±
√
k2m +m
2. It is important to notice that this solution exists provided ω and ωm
satisfy the condition
(−ω2 + ω2m) (ω2 − ω2m)− κ2B20 ω˜2 = 0 (22)
In particular, if we realize that n · k = ω we can write
ω6 − aω4 + bω2 + c = 0 (23)
where we have identified a = 2ω2m − κ2B20 , b = ω4m − κ2B20m2 and c = κ
2
4 B
2
0m
4.
From the three dispersion relation solutions for (23), two of them have an imaginary part,
showing a damped behavior of the plane wave in the given region in both solutions. The real
and complex dispersion relations read
ω2 =
a
3
− 2
1
3
3Ξ
1
3
(
3b− a2)+ Ξ
1
3
32
1
3
, (24)
ω2± =
a
3
− 1± i
√
3
62
1
3
Ξ
1
3 +
1± i√3
32
2
3Ξ
1
3
(
3b− a2) (25)
where Ξ = 2a3 − 9ab− 27c + 3√3√27c2 + 18abc− 4a3c+ 4b3 − a2b2.
So general solutions for the axion field, satisfying (17), in the free and interacting regions
with the background magnetic field are

θI (t, x) = c1e
−i(ωmt+kx),
θII (t, x) = c2e
−i(ωmt+kx) + c3e
−i(ωmt−kx) + κ E0B0
ω2−ω2
m
e−i(ωt−kx),
θIII (t, x) = c4e
−i(ωmt−kx).
(26)
8All the amplitudes in this solution can be uniquely obtained by imposing the continuity condi-
tions at x = 0 and x = L, 1


c1 =
1
2
κE0B0
km(k+km)
(
ei(k+km)L − 1) ,
c2 =
1
2
κE0B0
km(k+km)
ei(k+km)L,
c3 = −12 κE0B0km(k−km) ,
c4 =
1
2
κE0B0
km(k−km)
(
ei(k−km)L − 1) .
(27)
The axion field solutions (26) represent waves outgoing from the interaction region.
A possible use of the solutions (26) is to get an estimate of the axion flux density attainable
from an artificial source [17]. This can be achieved by solving the axion and “electric field”
coupled equations iteratively, Eqs. (19) and (20), starting from the decoupled equations and
considering the first-order contribution in κ onto the axion field. This results into
J ≃ Eeκ
2B20ωm
m4
, (28)
where Ee = E
2
0/2 is the irradiance of a linearly polarized electromagnetic wave (Poynting vector).
In turn, Eq.(28) can be applied to estimate possible production by electromagnetic fields of
general axion-like particles, and to collect general information on axion parameters, e.g. their
masses and coupling constants. However, it should be notice that within VSR framework both
photon and axion masses have the same origin and are strictly the same, i.e. due to Lorentz
violating effects in VSR, see Eqs.(15)–(17).
In particular, it should be emphasized that bounds on photon mass mγ ≤ 1.8 × 10−14 eV
[32] are much more stronger than those in axion mass ma ≤ 1 × 10−2 eV [33]. Since, both the
masses have the same signature, the stringent bound on photon mass can also be imposed onto
the axion’s as well.
III. VSR PHOTON-AXION TRANSITION
We turn our attention to the analysis of photon production due to an axion source. In the
presence of a magnetic field, the Primakoff interaction between axions and photons allows for
1 Notice that in these expressions we have made use of the notation in terms of the wave numbers k and km
instead of frequencies ω and ωm.
9the vacuum to become birefringent and dichroic [16, 34]. These effects cause the polarization
plane of linearly polarized light to be rotated as it propagates.
In order to investigate the phenomenon, we proceed to compute the photon-axion conversion
rate in the VSR scenario. For this matter, we return to the equations of motion (5) and (6), but
written now in terms of the vector potential A instead of the electric field E. In our analysis
we consider the radiation gauge, A0 = 0 and ∇ ·A = 0. Thus, keeping only linear terms in A
and θ, the classical field equations are written as
(
+m2
)
A+ κB∂˜0θ = 0 (29)(
+m2
)
θ − κB · ∂˜0A = 0 (30)
Moreover in the small perturbations ω ≈ k regime (i.e. a WKB limit where we assume that
the amplitude varies slowly), we find the linearized system of equations
(−2 (ω + i∂x) +m2)A⊥ = 0 (31)(−2 (ω + i∂x) +m2)A‖ − iκω˜B0θ = 0 (32)(−2 (ω + i∂x) +m2) θ + iκω˜B0A‖ = 0 (33)
where we have once again decomposed the potential A into components perpendicular A⊥ and
parallel A‖ to the external field. If we introduce a vector
Ψ =


θ0 (x)
A‖ (x)
A⊥ (x)

 e−iωx (34)
and identify ω˜ = ω − m22ω , we can rewrite the above equations, Eqs.(31)–(33), in a more suitable
Schrdinger-like form
i
d
dx
Ψ =


m2
2ω −iκω˜B02ω 0
iκω˜B02ω
m2
2ω 0
0 0 m
2
2ω

Ψ = MΨ (35)
where we have defined M as the mixing matrix.
In order to highlight the VSR effects, let us consider the photon-axion conversion by consid-
ering that the axion can only convert in the parallel component A‖. Hence,
i
d
dx

 θ0 (x)
A‖ (x)

 =

 m
2
2ω −iκω˜B02ω
iκω˜B02ω
m2
2ω



 θ0 (x)
A‖ (x)

 =

 ∆a −i∆m
i∆m ∆‖

Φ (36)
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Usually the diagonal term involving the vector potential A‖ is related to its effective mass due
to the Euler-Heisenberg effective Lagrangian, plasma effect (since, in general, the photon does
not propagate in vacuum) and Cotton-Mouton effect, i.e. the birefringence of gases and liquids
in presence of a magnetic field, so that ∆‖ = ∆V SR + ∆EH + ∆plasma + ∆CM [34], that is it
receives further contribution than the VSR one ∆V SR =
m2
2ω . However, we can see that a photon
effective mass is naturally encompassed in the VSR framework, as well as the axion. On the
other hand, this might be seen as its bare mass, being corrected by further effects as mentioned.
Now, to compute the photon-axion conversion probability we must first diagonalize the above
mixing matrix, whose eigenvalues read
χ± =
(
∆a +∆‖
)±
√(
∆a −∆‖
)2
+ 4∆2m
2
(37)
However, in the bare case, i.e. taking into account solely VSR effects, we have that
∆a = ∆‖ =
m2
2ω
≡ ∆. (38)
This give us the following simple relation
χ± = ∆±∆m (39)
in which we can assume that the above matrix is diagonalized through an orthornormal trans-
formation Φ˜ = OΦ, or even O†M‖O = MD,
O =

 cosϕ sinϕ
− sinϕ cosϕ

 (40)
where ϕ is the mixing angle. We thus obtain the following solution for the axion θ0 and photon
A˜‖ fields
θ0 (x) =
(
cos2 ϕe−iχ+x + sin2 ϕe−iχ−x
)
θ0 (0) + cosϕ sinϕ
(
e−iχ+x − e−iχ−x)A‖ (0) (41)
A‖ (x) = cosϕ sinϕ
(
e−iχ+x − e−iχ−x) θ0 (0) + (sin2 ϕe−iχ+x + cos2 ϕe−iχ−x)A‖ (0) (42)
With the solutions in hands, we can easily compute the probability of oscillation of a photon
after make a distance x starting from the initial state, in which we consider the initial state as
θ0 (0) = 0 and A‖ (0) = 1. Hence, the photon-axion conversion probability can be evaluated as
P (γ → a) = ∣∣〈A‖ (0) |θ0 (x)〉∣∣2 = sin2 (2ϕ) sin2
(
(χ+ − χ−) x
2
)
(43)
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We can characterize the transition by introducing the oscillation length ℓosc = 2π/∆osc, where
the oscillation wavenumber reads
∆osc = χ+ − χ− (44)
Some remarks are in place. Now, in general, if we had ∆a 6= ∆‖, we would have
∆osc =
√(
∆a −∆‖
)2
+ 4∆2m =
2∆m
sin (2ϕ)
(45)
Notice that a complete transition between a photon and an axion is only possible when the
mixing is maximal, i.e. when ϕ = π/4. However, in our case, notice that due to VSR effects we
have the equality ∆a = ∆‖, which implies
sin (2ϕ) =
2∆m√(
∆a −∆‖
)2
+ 4∆2m
= 1 (46)
This shows that in the VSR framework we naturally have the strong mixing regime: ∆osc = 2∆m.
Hence, the transition rate (43) is written in its final form
P (γ → a) = sin2 (∆mx) ∼ (∆mx)2 (47)
Since only one of the photon components can mix with the axion, in our case A‖, so the
photon-axion conversion can affect polarization of the photon. This can be analyzed by means
of the Stokes parameters [35]
I (x) = A‖ (x)A
∗
‖ (x) +A⊥ (x)A
∗
⊥ (x)
Q (x) = A‖ (x)A
∗
‖ (x)−A⊥ (x)A∗⊥ (x)
U (x) = A‖ (x)A
∗
⊥ (x) +A⊥ (x)A
∗
‖ (x)
V (x) = i
(
A‖ (x)A
∗
⊥ (x)−A⊥ (x)A∗‖ (x)
)
The degree of polarization can be readily defined in terms of such parameters, the circular
polarization reads
ΠC =
|V (x)|
I (x)
(48)
while the linear polarization is
ΠL =
√
Q2 (x) + U2 (x)
I (x)
(49)
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In the VSR case, we have that the photon circular polarization is
ΠC =
∣∣∣∣∣
U0 (∆m/2)
I0 − 14 (I0 +Q0) (1− cos (2∆mx))
[
sin (χ+x)
χ+
− sin (χ−x)
χ−
]∣∣∣∣∣ (50)
where I0, Q0, U0 represent the initial Stokes parameters, we took V0 = 0 in the above relation.
We then explicitly see that in the VSR framework the change of linearly polarized light to
be rotated in the Eq. (50) is due to the Primakoff interaction.
IV. DUALITY SYMMETRY AND CONSERVED CURRENT FOR VSR AXION
In order to conclude our discussion, we shall now present an analysis of the duality symmetry
of the axion electrodynamics [36] but now in the VSR framework. It is well known that the
sourceless dynamical field equation for the electromagnetic field and their complementary field
equations without axion field is invariant under SO(2) rotation by an angle ζ,

 F˜ ′µν
G˜′µν

 =

 cos ζ sin ζ
− sin ζ cos ζ



 F˜µν
G˜µν

 . (51)
Now, to analyze the duality symmetry in the VSR modified axion electrodynamics Eq. (3), we
apply the SO(2) transformation with ζ = π/2 in Eq. (5)
∂˜µG˜
µν − κF˜µν ∂˜µθ = 0. (52)
This leads to the new following set of field equations
∇˜ ·B+ κE · ∇˜θ = 0,
∇˜ ×E+ κ(B × ∇˜θ) + ∂˜0B+ κE∂˜0θ = 0. (53)
We can obtain the gauge field equations of VSR axion electrodynamics theory by defining
the electric and magnetic fields in terms of a new gauge potential Aˆµ as
B+ κθE ≡ Bˆ = ∇˜ × Aˆ,
E− κθB ≡ Eˆ = −∂˜0Aˆ− ∇˜Aˆ0. (54)
Notice the use of the wiggle derivatives in the above definition. In order to study the conserved
current of axion electrodynamics in VSR, we consider that the vector field has the following
configuration
A = Axiˆ+Bxykˆ, (55)
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where Ax depends on time only, while Bx is a constant and equal to the magnitude of the
magnetic field, ∇˜ ×A = Bxiˆ. In this scenario, the action describing the axion electrodynamics
for θ and the field Ax in VSR is
2
S =
1
2
∫
d4x
[
∂µθ∂
µθ −m2θ2 + ∂µAx∂µAx −m2A2x + κBx(θA˙x −Axθ˙)
]
. (56)
The equations of motion for Ax and θ are given, respectively, by
( +m2)Ax + kBx∂0θ = 0,
( +m2)θ − κBx∂0Ax = 0. (57)
Here, we observe that the mass terms appear naturally due to VSR effects, without the need of
a potential term. The action (56) is invariant under the following gauge symmetry:
δθ = Axη,
δAx = −θη, (58)
where η is an infinitesimal (dimensionless) constant parameter. It is important to emphasize
that in the usual framework the transformations (58) are a symmetry of the action (56) only
when one of the two conditions are satisfied: either i) photon have a bare mass, equal to the
axion mass, or ii) photon and axion fields are massless [36]. Notice that the first condition is
naturally satisfied in the VSR framework, showing hence that VSR axion electrodynamics has
duality symmetry by construction.
At last, utilizing the Noether’ theorem, we are able to calculate conserved charge and current.
These are
J0 = θ∂0Ax −Ax∂0θ + κ
2
Bx(A
2
x + θ
2),
J i = θ(∂iAx)− (∂iθ)Ax. (59)
From the above expressions, the conservation of current ∂µJ
µ = 0 is evident.
V. CONCLUSION
In this paper, we have studied a VSR inspired modification of the axion electrodynamics.
The analysis consisted in first formulation a SIM(2)–VSR axion electrodynamics, with the ex-
pectation that the nonlocal (Lorentz violating) effects would contribute in a novel way showing
2 Notice, however, that the mass term here is due to VSR effects, i.e. ∂˜µφ∂˜
µφ = ∂µφ∂
µφ−m2φ2.
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a distinct departure from the usual theory. Due to the results obtained, a natural extension of
the present analysis would be a study concerning QCD, more precisely the strong CP problem
in the VSR setting, where the Lorentz violating effects might play an interesting part in the
Peccei-Quinn mechanism.
We started with a brief review on the VSR formalism for the Abelian gauge sector so that
we have a proper formulation of the VSR axion electrodynamics. In order to extract physical
features of the model, we have chosen to exploit Primakoff interaction, i.e. the photon-axion
transition. First, we have considered the inverse Primakoff process, the production of axions
due to a photons source. In this case, we have fully established the axion field solution in the
presence of an external magnetic field.
Next, we have considered the production of photons due to axions source, more precisely we
computed the photon-axion conversion probability. In particular, we have shown that in the
VSR framework we naturally have the strong mixing regime, i.e. the maximum production of
photons due to axions. Besides, we have computed the photon circular polarization by means of
Stokes parameters, showing in the Primakoff process in a VSR framework the change of linearly
polarized light to a circular one.
At last, we have discussed the duality symmetry in the VSR setting. It is remarkable to
notice that due the fact that both photon and axion acquire the same mass m due to VSR
effects, showing thus that VSR axion electrodynamics is by construction invariant by duality
symmetry.
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